In this study, we investigated linear attenuation coefficient (µ), half value layer, tenth value layer at 243, 344, 866, 1088, 1112, 1528 keV. Mechanical properties of cements containing nanosized powders (nano-SiO2, nano-Fe2O3, nano-Al2O3) are obtained. According to compressive strength results nano-SiO2 added cementitious material gave the highest strength. Moreover, all the nanopowders added samples showed higher compressive strength with respect to reference sample. The experimental linear mass attenuation coefficients µ, half value layer, tenth value layer for cementitious material were compared with theoretical values obtained using XCOM. The experimental results were found to be in good agreement with the theoretical values.
Introduction
Cement and eventually concrete is the basic industry in all over the world. Concrete is the fundamental ingredient for construction of buildings so far. It is an important tool to study its mechanical and chemical properties such as compressive strength, durability as well as its radiation shielding properties. In recent years, nanoparticles are being used as cement replacing materials for producing ecologic concrete. The addition of nanosized particles improves the performance of cement. Besides that, concrete can be used as a shielding material for various purposes. Conventional gamma ray shielding materials are lead and concrete. Many studies are being done to determine these coefficients and to improve it. These can be found in Refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . In this study, we aimed to investigate both mechanical treatment and radiation shielding property of nanosized powders added cementitious materials.
Materials, methods and results
The first parameter to calculate is µ, the linear attenuation coefficient, and is given by
1) where I and I 0 are the attenuated and incident gamma ray intensities, respectively and x is the thickness of the sample.
The half value layer (HVL) is the thickness of the material where one half of the incident photons is attenuated.
It can be calculated via
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Last parameter to be calculated is tenth value layer (TVL) which is the thickness of the shielding material where one tenth of the incident photons is attenuated
The nanosized structures such as nanopowders have a very large surface to volume ratio. This features change physico-chemical properties and also increase chemical activity. For this reason, it is an ideal tool to study manufacturing these materials and their applications in recent years. Two of authors (T. Mutuk and B.M. Oktay) aimed to produce a cementitious material which has less pore ratio and also mechanical treatment which is more by using nanopowders (nano-SiO 2 , nano-Fe 2 O 3 , nanoAl 2 O 3 ) in cement [12] . The percentage of nanopowders was used as 1% into the cementitious material. Sample mixtures were made of 1350 g sand, 450 g cement and 225 ml of water. Mortar samples of size 4 × 4 × 4 cm 3 cubic prisms were manufactured. The ordinary portland cement (OPC) which was used in this study is CEM I 42.5 as classified by the TS-EN 196-1 standard. In this study we used an experimental setup shown in Fig. 1 . The detector system including a 10 cm diameter NaI(Tl) detector by ORTEC Inc., connected to a multichannel pulse height analyzer are used. The sample was placed between the 152 Eu source and the detector. The measurements have been carried out in the range from 244 to 1528 keV. The measured photon attenuation coefficients µ, HVL, TVL were compared with the calculations obtained by using XCOM [13] .
The linear attenuation coefficients µ, HVL, TVL for cementitious material have been measured and calculated at 243, 344, 866, 1088, 1112 and 1528 keV. Results are shown in Fig. 2 and Fig. 3 . Table I shows physical properties and mechanical treatment for 28 days of nanopowders added cementitious materials. 
Discussion and conclusion
As can be seen from Fig. 4 , 1% nanopowders added cementitious materials gave higher mechanical strength results with respect to reference. They are within the limits of both European and Turkish standards. Nanopowders filled into the pores in cement and as a result of this more higher durability cementitious materials are obtained. Nanosized structures such as nanopowders have a very large surface-to-volume ratios. That is why nanopowders are being used as cement replacing the materials for producing ecologic concrete. The purpose of this study was to investigate both mechanical treatment and radiation shielding property of nanosized powders added cementitious materials. The results of this study agree well with the theoretical ones. Furthermore, mechanical treatment results are good for the samples to be used as a constructing material. Our future work will be focused on the energy absorption in attempt to evaluate different nanosized powders added cementitious materials radiation shielding purposes.
